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Proposals for extentions:

1. Real function types

2. Type–Inference

3. Generices in Byte-Code

4. Principal Type



1. Real function types

Problems as Java has no real function types

▸ Lambda–expressions have no explicit type
(Functional interface are target types)

▸ Subtyping of functional interfaces can only be simulated by wildcards

▸ Direct application of Lambda–expressions to arguments can only be
done by type-casts
(Lambda–expressions have no explicite types.)



Introduction of function types in the Scala–style

interface FunN *<+R,-T1, ..., -TN > {
R apply(T1 arg1, ..., TN argN );

}

where

▸ FunN ∗<T0,T′1, . . . ,T′N>≤∗ FunN ∗<T′0,T1, . . . ,TN> iff Ti ≤∗ T′i
▸ For FunN∗ no wildcards are allowed.

Proposal: Lambda–expressions are explicitly typed by FunN*–types



Example: x -> y -> f -> f.apply(x,y)

Function type: A -> (B -> (((A, B) -> C) -> C)))

Java 8–Type:

Fun1<? extends Fun1<? extends Fun1<? extends C,

? super Fun2<? extends C,

? super A,

? super B>>,

? super B>,

? super A>

Function type in Scala–style:

Fun1*<Fun1*<Fun1*<C,Fun2*<C,A,B>>,B>,A>
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2. Type–Inference

TI: TypeAssumptions × Class→ {(Constraints,TClass) }
TI(Ass,Class( τ, extends( τ ′ ), fdecls ) ) =
let
(Class( τ, extends( τ ′ ), fdeclst ),ConS) =

TYPE(Ass,Class( τ, extends( τ ′ ), fdecls ) )

{ (cs1, σ1), . . . , (csn, σn) } = SOLVE(ConS ) ¢ (Type −Unification)
in
{ (csi , σi(Class( τ, extends( τ ′ ), fdeclst ) ))∣ 1⩽ i ⩽n }



Type–Unify

Type–Unify: Constraints→ {Substitutions} ∪ { fail }

Input: { (θ1 ⋖ θ′1), . . . , (θn ⋖ θ′n) }

Output: {σ1, . . . , σm }

Post-condition: ∀j{ (σj( θ1 )≤∗ σj( θ′1 )), . . . , (σj( θn )≤∗ σj( θ′n )) }
where ≤∗ is the sub-typing relation



Type-Unification extentions

(redFunN*)
Eq ∪ {FunN *<θ, θ′1, . . . , θ′N> ⋖ FunN *<θ′, θ1, . . . , θN>}

Eq ∪ { θ ⋖ θ′, θ1 ⋖ θ′1, . . . , θN ⋖ θ′N }

(grFunN*)
Eq ∪ {FunN *<θ, θ′1, . . . , θ′N> ⋖ a }

Eq ∪ { a ≐ FunN *<b′,b1, . . . ,bN>, θ ⋖ b′,bi ⋖ θ′i }
b′,bi fresh

(smFunN*)
Eq ∪ { a ⋖ FunN *<θ′, θ1, . . . , θN>}

Eq ∪ { a ≐ FunN *<b,b′1, . . . ,b
′

N>,b ⋖ θ′, θi ⋖ b′i }
b,bi fresh



Example

class Matrix extends Vector<Vector<Integer>> {

op = (m) -> (f) -> f.apply(this, m);

}



Example

class Matrix extends Vector<Vector<Integer>> {

<y2’, b1 extends y2’, d’, y extends d’>

Fun1*<Fun1*<d’, Fun2*<y, X, y2’>>, b1>

op = (m) -> (f) -> f.apply(this, m);

}

Matrix≤∗X



3. Generices in Byte-Code
Function types and type-erasures

Overloading example

void apply(Fun*1<Integer, Integer> f) { ... }

void apply(Fun*1<Boolean, Boolean> f) { ... }

Leads in byte-code to (type-erasure):

void apply(Fun*1 f) { ... }

void apply(Fun*1 f) { ... }

Ambigous overloading!
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Example: Scalarproduct
Program without type declaration

scalar_product(x,y) {

while (i < x.size()) {
ret = ret + x.elementAt(i) * y.elementAt(i);

}
return ret;

}



Example: Scalarproduct
Typing in Byte-Code

Integer scalar_product(Vector<Integer> x, Vector<Integer> y) {

while (i < x.size()) {
ret = ret + x.elementAt(i) * y.elementAt(i);

}
return ret;

}

Double scalar_product(Vector<Double> x, Vector<Double> y) {

while (i < x.size()) {
ret = ret + x.elementAt(i) * y.elementAt(i);

}
return ret;

}

⇒ Ambigous overloading!!!



4. Principal Type
Definition

An expression exp is typeable if and only if there is a pair (Ass, ty) of a
set of assumptions and a type, called the principal pair for exp, such
that:

1. Ass ⊢ exp ∶ ty , and

2. for every pair (Ass ′, ty ′), such that Ass ′ ⊢ exp ∶ ty ′ there exists an
operation O such that O( (Ass, ty) ) = (Ass ′, ty ′).



Type of op (determinded by TI):

Fun1∗<Fun1∗<d′,Fun2∗<y,Vector<? ext. Vector<? ext. Integer>>,y2′>>,b1>
&
Fun1∗<Fun1∗<d′,Fun2∗<y,Vector<? ext. Vector<? super Integer>>,y2′>>,b1>
&
Fun1∗<Fun1∗<d′,Fun2∗<y,Vector<? extends Vector<Integer>>,y2′>>,b1>
&
Fun1∗<Fun1∗<d′,Fun2∗<y,Vector<? super Vector<Integer>>,y2′>>,b1>

& . . . &

Fun1∗<Fun1∗<d′,Fun2∗<y,Vector<Vector<Integer>>,y2′>>,b1>
&
Fun1∗<Fun1∗<d′,Fun2∗<y,Matrix,y2′>>,b1>



Reduced type of op

Fun1∗<Fun1∗<d′,Fun2∗<y,Vector<? ext. Vector<? ext. Integer>>,y2′>>,b1>
&
Fun1∗<Fun1∗<d′,Fun2∗<y,Vector<? ext. Vector<? super Integer>>,y2′>>,b1>
&
Fun1∗<Fun1∗<d′,Fun2∗<y,Vector<? super Vector<Integer>>,y2′>>,b1>



Principal Type

An intersection type with minimal number of elements of an expression is
a principal type, if any (non-intersection) type of the expression is a
subtype of a generic instance of one element of the intersection type
(and the call-graphs are identical).

Operation O: Projection and generic instance.
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▸ Bytecode without type-erasures

▸ Type–Inference with abstract fields and methods
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